ABSTRACT. The lesser mouse deer (Tragulus javanicus) is one of the most primitive ruminants. Skulls of lesser mouse deer were measured to evaluate their growth. The age was estimated from the eruption and attrition of molars on the mandible. A total of 95 specimens was divided into five age groups, and the growth pattern in each sex was established for some measurements. The relative growth coefficients were calculated for the head and body length and several parts of the cranium and mandible against the profile length. Sexual dimorphism could not be found on the skull in any age group except for measurements related to the upper canine. However, females showed a higher value in head and body length in the oldest group. This feature was consistent with an interpretation of mouse deer society as monogamous. Growth was more rapid in length than in width. Various statistical analyses showed that the visceral cranium related to masticatory facility was much better developed than the neurocranium. However, observations on the shape of the mandible ramus and of the premolars implied that the masticatory function was not suitable for taking roughage. This speculation agreed with previous reports on the feeding habits and digestive organs of the mouse deer. -KEY WORDS: growth pattern, mouse deer, osteometry, skull, Tragulus.
MATERIALS AND METHODS
All the crania and mandibles of lesser mouse deer used in this study were obtained from the collection of the National Science Museum, Tokyo (Specimen Nos. NMST-M31035-31129). Ninety pairs of crania and mandibles, and five mandibles were used. The animals were collected in the southern area of Laos in 1996. They were held flat on the table in a ventro-dorsal recumbent position, and then, the HBL, namely the distance between the rostrum and anus, was measured along the midline. After the HBL was measured, sex was determined by the dissection of carcasses. The skulls were prepared by the conventional method of immersing the head in boiling water, removing the muscles, and drying without bleaching. The dental formula was confirmed. The crania were measured for 22 items, while mandibles were evaluated for eight (Table 1) . Most measurements were based upon the methods of Driesch [6] . Abbreviations of these items are shown in Table 1 . The suture between the Os incisivum and Os maxilla was not tight, and 17 out of 90 crania had lost their Os incisivum. In compensation, several items originating from Maxioralle were added for all specimens [12] . Although some samples were damaged in the other parts, data from the undamaged parts were gathered. Thus, the number of usable specimens
The lesser mouse deer, Tragulus javanicus, belongs to the genus Tragulus, family Tragulidae, suborder Ruminantia and order Artiodactyla. The lesser mouse deer inhabits the tropical rain forests in Vietnam, Cambodia, Thailand, Laos, Myanmar, Malaysia, Indonesia and many adjacent islands [5] . It is well known as one of the smallest and most primitive ruminants, being 40-48 cm in head and body length (HBL), around 20 cm in shoulder height, and 0.7-2.0 kg in body weight [11] . It is a nocturnal animal, feeding on nutritious but widely dispersed fruit, leaves and shoots [10] . It is seen singly or in pairs, or in units of a female with one or two young [5] .
The skull is rather smooth and conical, resembling that of the tree shrew. There is no sagittal crest, the bony orbit is complete, and the skull is long and pointed [11] . There is no gap (vacuity) between the Os nasale and Os lacrimale, a diagnostic difference from the Cervidae. The dental formula is 0133/3133 [11] . There is a sexual difference in the skeleton, with only males having a bony pelvic shield over the hips [11] . There are several reports on the osteological characteristics of this animal [11, 13] . However, no detailed description dealing with the growth pattern of the animal is available. In this study, the crania and mandibles were examined osteometrically to establish the growth pattern as an aid to study the biology of this unique animal. Height of the canine d) HC Greatest diameter of the canine alveolus GDC a) The measurements without footnote were based on Driesch [6] . b) The measuring points based on Saito [12] . c) Synonym of Höhe des Unterkiefers in der Mitte von M 1 [12] . d) Synonym of Höhe des oberen Eckzahns [12] . a) The tops of premolars were attrited to the same level as that of the molars. did not correspond with the total number of specimens for a few items. Measurements were taken with a pair of vernier calipers (accuracy 0.05 mm). Age was estimated from the eruption and attrition of the lower teeth. According to these data, the specimens were classified into five groups (age groups I to V: Table 2 ). The composition of the specimens in respect to age group and sex was shown in Table 3 . A histological study of annual layers in cement or dentin was not used as a criterion here, since this animal did not demonstrate annual layers as the wild pig inhabiting tropical rain forests did not [7] .
The statistical significance of differences between the male and female was determined by Student's t-test. After that, we discussed the growth pattern of some items. The allometrical technique was applied to several measurements.
We drew a scatter diagram disregarding the sex and age categories, and calculated the regression equation for the relative growth coefficient by the least-square method [1, 7] . However, sex was taken into account for the equation of HBL against the profile length (PL) [See Results].
RESULTS
The mean values and standard deviations of measurements in the crania and mandibles were given in Tables 4 and 5, upper canine in Table 6 , and HBL in Table  7 . Statistical analysis by Student's t-test showed that significant differences between male and female were found in the median palatal length (MPL) in age group III, in the Basion-Staphylion (BS) in age group II, and in the Maxioralle-Basion (MB) in age group II. The difference between the sexes was also shown in the height of the canine (HC) from age groups III to V, in the greatest diameter of the canine alveolus (GDC) from age group II to V, and in the HBL from age group V. The male showed higher values in these items (except for HBL, where the female showed a higher one). Table 8 showed the ratios of some measurements to the PL. Table 9 showed the results of the allometrical analysis of some items. The regression equation was calculated from all the data regardless of age and sex, since significant differences between the sexes could not be found in those items. However, the equation for HBL against PL was calculated separately for males and females, respectively, since the difference was found in HBL (Table  7) . Figure 1 presented photographs of the skulls. The angle of the mandible was not well developed, and the Gonion caudale and Gonion ventrale could not be identified easily. These two measuring points adjoin the Fossa masseterica where the M. masseter terminates. Moreover, the coronoid process was not well developed and the Lineae musculare could not readily be seen (Fig. 1D) . The premolars of the animal were distinctly different from those of the goat and ox morphologically ( Fig. 1C and E) . Figure 2 showed the growth patterns of PL and Maxioralle-Akrocranion (MA).
There was an obvious similarity in the growth patterns of PL and MA. Therefore, the pattern of PL, which was estimated from the measurable specimens, could be regarded as a typical growth pattern of PL for all specimens. Figure  3 showed the growth patterns of Length from the angle (LA) and Length from the condyle (LCD) in the mandibles.
There was a difficulty in identifying the Gonion caudale on mandibles. Therefore, it was necessary to compare the growth pattern of the LA to that of the item which best correlated to the LA, i.e., the LCD, for a precise estimation of the growth of the mandibles. There was a close similarity between them. Meanwhile, there was also an analogy in the patterns of PL and LA. Therefore, the pattern of PL was used as criteria for growth of the cranium and mandible. Briefly, the growth was rapid in age groups I and II, but became slow after that. It appeared to reach a plateau in age group IV. Sexual dimorphism in these items could not be recognized anywhere throughout their development. Figure 4 showed the growth pattern in GDC of the crania. Well-developed upper canines were the most characteristic feature of the male. Rapid growth patterns were seen in that of the male from age group II to III. Figure 5 indicated the growth pattern of the HBL, which resembled that of the PL until age group III. However, another characteristic was recognized subsequently. The growth of the male appeared to reach a plateau in age group III, while that of the female continued steadily. The HBL of the female overtook that of the male, and a significant difference between them was found by age group V.
DISCUSSION
An examination of the cementum annuli in the first permanent incisor or the first molar has been established as an age-determination method for Cervidae [9] . However, it was suggested that the absolute age was difficult to estimate from histological data when the animals were distributed in a region which did not have obvious seasonal changes [7] . Therefore, that method was not employed in this study, and the relative age was estimated through the examination of molar eruption-wear characteristics.
The values of the upper canine were effective for sex determination from age groups II to V. The growth of the upper canine seemed to reach a plateau by age group III in the males, and II in the females. A difference between the sexes was already seen by age group II in GDC. However, there were a few exceptions in male specimens which had short, stub-like canines. This phenomenon was found even in age group IV.
There was no sexual dimorphism in the growth pattern of the crania or mandibles other than the measurements related to the growth of the canines. Differences between the sexes were recognized in MPL in age group III, and in MB in age group II. These measurements included the eruption points of upper canines, and sexual dimorphism might be expected to appear in the period when the canines grew rapidly. The difference in BS in age group II was that the Staphylion shifted forward in connection with the rapid growth of the canines. After such growth of canine reached a plateau, those points also stopped rapid growth, and the growth of the same points in the females caught up with that of the males.
It was reported that monogamous species in primates showed less sexual dimorphism in their body weight than polygynous ones, and furthermore, the females were heavier than the males in some monogamouse ones [4] . Lesser mouse deers, in the present study, did not show sexual dimorphism in their skull size in the oldest group, age group V. Moreover, the females showed a higher value in the HBL by age group V. It was reported that, at maturity, the females were heavier than the males in lesser mouse deers [8] . An ecological study concluded that the animals lived in a serial monogamous society [5] . It was assumed that males could better avoid conflict when the food supply was in balance with the population [5] . Ordinarily, the large upper canines of the males appeared to serve more as signals of display rather than as weapons of fighting [15] . These reports are not contradictory to our data. Table 8 indicated how skull breadth, height and length grew in comparison with PL. The proportion of each value which contributed to the development of width grew gradually smaller with age, i.e., as the animal grew, the proportion of length to width became gradually larger. As a consequence, the mature animals had conical shaped heads. This phenomenon was most notable in the ratio of the NB. These results suggested that the neurocranium did not develop much after the birth, in contrast to the visceral cranium.
When considering the height of the skull, it should be noted that the ratio of the middle height of the vertical ramus (MHR) was almost constant throughout all age groups, although that of the Basion-Akrocranion (BA) related to the growth of the neurocranium became gradually smaller with age. The lateral surface of the ramus of the mandible is an insertion of the M. masseter, and is called the Fossa masseterica. As regards the length of the skull, the ratio of the MPL to the PL and that of the LA showed similar patterns of gradual increase. This also meant that the development in masticating facility contributed well to the growth of the crania and mandibles. The allometrical technique was applied when comparing the growth of the neurocranium to that of the items which related to the masticating function( Table 9 ). The zygomatic arch is an origin of M. masseter. There is a coronoid process of the mandible inside the arch which involves an insertion of the M. tempolaris. A higher growth coefficient was obvious in the items which related to the masticating function (i.e., ZB and MHR) compared with the items for the neurocranium (i.e., NB and BA). Generally, animals which utilize roughage have common osteological features. Their premolar is a selenodont which is suitable for grinding dry and coarse foods. Moreover, the coronoid process and the angle of the mandible are well developed. These mandibular characterisics mean that there are wide areas for M. masseter and M. tempolaris to attach. The angle of mandible is not developed in bovines, instead, they have highly evolved digestive organs for fermenting roughage and they can take roughage without grinding it to fine particles. The strong microbiological fermentation in bovine rumen makes fiberous plants easier to remasticate. Lesser mouse deers, however, did not show these characteristics. The premolars were sectorial in type and suited more for piercing and chopping than for chewing and griding [14] . The coronoid process and the angle of the mandible are not developed well. And, the Lineae musculare could not readily be seen. Further, the suture between the Os incisivum and Os maxilla was not tight. The Os incisivum supports the Pulvinus dentalis which is peculiar to ruminants. Moreover, the digestive organs were also reported to have features which differed from those of domestic pecoran ruminants, and they concluded that those of mouse deers showed a pattern of concentrate-selectors [2, 3, 10, 15] . It is suggested that lesser mouse deers do not utilize roughage well. Our speculation is in agreement with the reports on their feeding habits [5, 11] .
